Synthesis of KMgF
solution. Then, 12 mmol of KF was completely dissolved in 10 mL of distilled water, and 15 mL of an aqueous solution containing stoichiometric amounts of C 4 3 were dropped into the KF solution under vigorous stirring. After stirring for 20 minutes, the resulting transparent solution was transferred to a 50-mL Teflon-lined autoclave, which was held at 220 °C for 24 h. After reaction, the system was naturally cooled down to room temperature, and the products were collected and centrifuged several times with distilled water. Finally, absolute ethanol was used to remove any soluble residues, and the products were dried at 60 °C for 10 h.
Synthesis of AMnF 3 (A = K, Na and Cs).
Here, 15 mL of ethanol and 5 mL of oleic acid were mixed under magnetic stirring to form a homogeneous solution. Then, 5 mL of an aqueous solution containing 4 mmol of C 4 H 6 MnO 4 ·4H 2 O were added to the solution under vigorous stirring. Finally, 5 mL of an aqueous solution containing 12 mmol of KF (or NaF or CsF) were added to the complex, still stirring. The mixture was agitated for 30 min and transferred to a 50-mL autoclave. The autoclave was then sealed, and the mixture hydrothermally treated at 220 °C for 24 h. After the reaction, the system was naturally cooled back to room temperature. The obtained product was centrifuged, washed and dried as above. Finally, 5 mL of an aqueous solution containing 12 mmol of KF was added to the complex. The mixture was agitated for 30 min and transferred to a 50-mL autoclave. The autoclave was then sealed, and the mixture hydrothermally treated at 220 °C for 24 h. After the reaction was completed, the system was naturally cooled down to room temperature The obtained product was centrifuged, washed and dried as above.
Theoretical calculations. In the CASTEP code, the wave functions of valence electrons were expanded in an ultrasoft pseudopotential plane-wave basis with the specific cut-off energy E cut . The exchange-correlation functional employed was the Perdew, Burke and Ernzerhof (PBE)
implementation of the spin-polarized Generalized Gradient Approximation (GGA). [1, 2] It is reported that the GGA would result in more exact data than the Local Density Approximation (LDA) for spin polarized system. [1] [2] [3] Six different 2×2×4 supercells (80 atoms) with two Mg 2+ ions substituted by two Broyden-Fletcher-Goldfarb -Shannon (BFGS) alogrithm [4] was performed to the model. Both E cut and k-point mesh were tested and were set to 310 eV and a 3×3×3 Monkhorst-Pack grid, which were sufficient for energy convergence. The structures were considered to be converged when the force on each ion was less than ∼0.05 eV/Å, with a maximum displacement of ∼0.002 Å and a convergence in the total energy of about 2 × 10 −6 eV/atom. To understand the coupling interaction between Mn 2+ ions, the electronic spin alignment for Mn 2+ ions in the KMgF 3 host were set to be FM and AFM. That is, possible FM coupling and AFM coupling for Mn 2+ aggregates were adopted in the geometry optimization. The energy difference of the two coupling modes for each model were also calculated The six typical excitation peaks between 300 and 570 nm can be assigned to the electronic transitions of Mn 2+ from the ground state 6 A 1 (S) to the excited states (Fig.2a) 
